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A protein scaffold has been identified that holds a
chromosome together in the event of a DNA double-
strand break. This scaffold is dependent on Rad52
and the Rad50–Mre11–Xrs2 complex and withstands
the pulling forces of the mitotic spindle during DNA
damage checkpoint arrest.
DNA double-strand breaks are potentially detrimental
lesions as they disrupt the genetic information of both
DNA strands. Improper repair or failure to repair
double-strand breaks can lead to gene deletions,
duplications, translocations and missegregation of
large chromosome fragments, which may be lethal or
result in gene dosage imbalance. Two distinct
pathways have evolved to ensure that double-strand
breaks are repaired: non-homologous end joining  and
homologous recombination. In the budding yeast Sac-
charomyces cerevisiae, non-homologous end joining
requires the Rad50–Mre11–Xrs2 (RMX) complex, the
Dnl4 ligase, yKu70–yKu80 and the Lif1–Nej1 complex
[1]. Homologous recombination depends on genes of
the RAD52 epistasis group: RFA1-3, which encodes
replication protein A (RP-A), RAD50/MRE11/XRS2,
RAD51, RAD52, RAD54, RDH54(TID1), RAD55, RAD57
and RAD59 [1,2].
The repair machinery is faced with the problem of
preserving the integrity of the chromosome while
reestablishing the continuity of the DNA duplex. Two
papers in this issue of Current Biology [3,4] report
the identification of components of the molecular
scaffold that tethers the two ends of a double-strand
break to prevent chromosome breakage and ensure
correct rejoining of the break. These studies were
performed in living cells using fluorescent markers of
specific chromosomal sites that were originally devel-
oped in Andrew Murray’s [5] and Kim Nasmyth’s [6]
laboratories to study genes involved in sister
chromosome cohesion, and that recently have been
used to visualize DNA ends during double-strand
break repair [7,8].
In the new papers [3,4], the authors demonstrate
that the Rad50–Mre11–Xrs2 complex and Rad52, but
not yKu70–yKu80 or Dnl4, are required to hold the two
ends of a broken chromosome together throughout
double-strand break repair (Figure 1). These proteins
have previously been shown to bind and tether DNA
ends in vitro, but until now the in vivo function of this
activity has remained elusive [9,10]. Furthermore,
tethering is only partially disrupted in rmx or rad52
single mutants, or in a rad50 rad52 double mutant,
indicating that additional tethering factors exist. These
may be the cohesins, as they are also important during
double-strand break repair [11]. Although the primary
function of cohesins lies in the tethering of sister chro-
matids, these structural proteins may also play a role
in tethering double-strand break ends [12,13]. 
During mitosis in undamaged wild-type cells, the
sister chromatids are separated after proteolytic cleav-
age of cohesin by the pulling forces of the centromere-
attached mitotic spindle [14]. If the DNA damage
checkpoint is activated, however, cohesins remain
intact and the sister chromatids connected. Thus,
cohesins can withstand the pulling forces of the mitotic
spindle. The new papers [3,4] report that this pulling
causes a separation of double-strand break ends in
cells lacking Rad52 or a functional Rad50–Mre11–Xrs2
complex, but not in wild-type cells. 
Interestingly, when mutant cells proceed through
mitosis in the presence of a broken chromosome,
there is preferential missegregation of the damaged
chromosome fragments. In particular, the acentric
fragment of the chromosome, which is not attached to
the mitotic spindle, missegregates 95% of the time [3].
Moreover, extensive pedigree analysis of checkpoint
deficient mec1 cells suggests that the chromosome
fragments can be propagated for more than one cell
cycle before an intact chromosome is regenerated [3].
These observations provide a new molecular
perspective to genomic instability often associated
with defects in DNA damage checkpoints.
The preferential missegregation also suggests that
the acentric chromosome fragment is dragged along
by its sister, indicating that inter-chromatid forces
are stronger than the intra-chromosome tethering of
double-strand break ends. These inter-chromatid
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Figure 1. Missegregation of acentric chromosome fragments
in rmx or rad52 mutant yeast cells. 
The schematic shows a cell with a double-strand break-con-
taining chromosome. Although one of the sister chromatids is
shown intact, in fact it could contain a break that is tethered
(see text for details). Double-strand break ends separate upon
entry into metaphase in rmx or rad52 mutant cells but not in
wild-type cells [3,4]. At the metaphase to anaphase transition,
acentric chromosome fragments are missegregated into either
the mother or daughter cell.
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forces could be due to residual cohesins and/or to
tethering provided by Ddc1-containing repair
centers. This latter notion is supported by the fact
that repair centers can tether double-strand breaks
on different chromosomes [8]. Thus, it is easy to
imagine that repair centers can tether adjacent
double-strand breaks in sister chromatids. This view
is further supported by the observation of less mis-
segregation of the broken acentric sister fragments
when the Rad52 component of DNA repair  centers is
deleted [3].
The ability of the Rad50–Mre11–Xrs2 complex to
tether DNA ends lies in a zinc-hook at the tip of the
coiled-coil structure of Rad50, as a point mutation in
the zinc-binding site disrupts tethering of ends similar
to a complete deletion of any component of the
Rad50–Mre11–Xrs2 complex [4,15] (Figure 2A).
Interestingly, mutation of Mre11 nuclease activity
slightly improves the tethering in otherwise wild-type
cells, suggesting that intact ends are tethered better
than resected ends [4]. For Rad52, which forms hep-
tameric rings that preferentially bind single-stranded
DNA, tethering may occur by the interaction between
rings bound to each DNA end [16,17] (Figure 2B).
Alternatively, the role of Rad52 in tethering may be
indirect, as it is a key component necessary for
recruiting many of the later recombination proteins to
repair centers [18]. 
Finally, Mre11 and Rad52 have recently been
demonstrated to localize to double-strand breaks in a
sequential and mutually exclusive manner [18]. Thus,
it is possible that the Rad50–Mre11–Xrs2 complex and
Rad52 are independently responsible for tethering
double-strand break ends early and late during repair,
respectively (Figure 2C). In this case, it will be impor-
tant to determine how the tethering of double-strand
break ends is handed off from the Rad50–Mre11–Xrs2
complex to the Rad52 recombination machinery
during 5′ to 3′ resection.
Separation of sister chromatids during mitosis
requires the proteolytic cleavage of the cohesin
subunit Scc1 [19]. In a similar manner, it is possible
that the tethering of double-strand break ends is
actively destroyed after repair has been completed to
allow for proper chromosome segregation. Moreover,
it will be interesting to test whether proteins such as
the Tel1 kinase, which suppresses telomere end-to-
end fusions [20], also act to regulate the tethering of
chromosome ends during double-strand break repair.
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Figure 2. Tethering of double-strand break ends. 
(A) Tethering by the Rad50–Mre11–Xrs2 complex. Several
studies have demonstrated that the Rad50–Mre11–Xrs2
complex can bind and tether DNA ends in vitro using a Zn2+
ion as a cofactor [9,15]. (B) Tethering by Rad52. The Rad52
protein forms heptameric rings, which bind preferentially to
single-stranded ends [10,16]. The subsequent stacking of
rings may mediate the tethering of double-strand break ends
[17]. (C) Transition from Rad50–Mre11–Xrs2 to Rad52 binding
at double-strand breaks. The Rad50–Mre11–Xrs2 complex is
replaced by Rad52 at double-strand breaks at the time when
ends are processed by 5′ to 3′ resection [18].
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